The retarding ion mass spectrometer on the Dynamics Explorer 1 spacecraft has generated a unique data set which documents, among other things, the occurrence of non-Maxwellian superthermal features in the auroral topside ionosphere distribution functions. In this paper, we provide a representative sampling of the observed features and their spatial morphology as observed at altitudes in the range from a few thousand kilometers to a few earth radii. At lower altitudes, these features appear at auroral latitudes separating regions of polar cap and subauroral light ion polar wind. The most common signature is the appearance of an upgoing energetic taft having conical lobes representing significant ion heat and number flux in all species, including O +. Transverse ion heating below the observation point at several thousand kilometers is clearly associated with O + outflows. In some events observed, transverse acceleration apparently involves nearly the entire thermal plasma, the distribution function becomes highly anisotropic with Tv > T,, and may actually develop a minimum at zero velocity, i.e., become a torus having as its axis the local magnetic field direction. At higher altitudes, the localized dayside source region appears as a field aligned flow which is dispersed tailward across the polar cap according to parallel velocity by antisunward convective flow, so that upflowing low energy O + ions appear well within the polar cap region. While this flow can appear beamlike in a given location, the energy dispersion observed implies a very broad energy distribution at the source, extending from a few tenths of an eV to in excess of 50 eV. On the nightside, upgoing ion beams are found to be latitudinally bounded by regions of ion conics whose half angles increase with increasing separation from the beam region, indicating low altitude transverse acceleration in immediate proximity to, and below, the parallel acceleration region. These observations reveal a clear distinction between classical polar wind ion outflow and O + enhanced superthermal flows, and confirm the importance of low altitude transverse acceleration in ionospheric plasma transport, as suggested by previous observations.
INTRODUCTION
The evidence that the terrestrial ionosphere is at times the source of much of the keV plasma within the earth's magnetosphere [Johnson, 1979; Horwitz, 1982] has brought an increasing awareness that planetary ionospheres are active participants in energetic magnetospheric processes. Processes associated with discrete auroral arcs result in the production of upfiowing ion beam and conic distributions having characteristic energies in the keV range [Chiu et aL, 1983] , yielding a source of energetic ionospheric plasma operating in the range of altitudes above about I earth radius. Ionospheric observations have also revealed that the magnetosphere is at times a notable sink of ionospheric plasma, producing significant departures from diffusive equilibrium [Lockwood and Titheridge, 1982] . It has been suggested as well that an important component of this ionosphere-magnetosphere transport is the superthermal heating or acceleration of ionospheric ions at low altitudes in the auroral topside F region [Moore, 1984 , and references therein]. Recently acquired observations, obtained from the retarding ion mass spectrometer (RIMS) aboard the Dynamics Explorer 1 (DE 1) spacecraft, include the first mass discriminating measurements of topside thermal plasma to reveal both the thermal flows (polar wind)and superthermal effects due to auroral processes. The purpose of this paper is to provide a representative event sampling of the range of superthermal effects observed by RIMS at altitudes from a few thousand km to a few earth radii. This paper is not subject to U.S. copyright. Published in 1985 by the American Geophysical Union.
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A related study of large fluxes of upflowing superthermal O + ions observed by DE 1 RIMS in the polar cap during disturbed conditions has been reported by Waite et al. [ 1985 ] . A complementary study of the statistical occurrence morphology for the low altitude events discussed here is the subject of M. Lockwood et al. (unpublished manuscript, 1984) .
Following this opening discussion. we provide a brief summary of the salient charactertistics of the RIMS instrument. We then outline the basis for selection of events for this study. Four events are documented and analyzed in some detail. A general discussion relating and cornpar'rag the events is given next, followed by a statement of conclusions suggested by these observations.
INSTRUMENTATION
The retarding ion mass spectrometer consists of three nearly identical sensor heads, one viewing radially outward perpendicular to the DE-1 spacecraft spin axis, and two viewing in opposite directions aligned with the spin axis. The sensor heads are referred to as radial (R), +Z, -Z, respectively. Each head consists of a conventional retarding potential analyzer (RPA) assembly containing a grid which is biased in the range 0-50 V with respect to the spacecraft frame, and an electrometer collector containing a slit which passes ions to a conventional magnetic sector mass spectrometer having two mass channels (low and high)sampled by high rate channeltrons. All three head assemblies, including large entrance aperture planes, may be biased 2, 4 or 8 V negative relative to the spacecraft frame in order to overcome positive spacecraft floating potentials relative to the plasma. However, all of the data examined here were taken in a mode for which this bias was set to zero. In general, the energy pass band is swept upward with the retarding potential so that ions just clearing the potential barrier are always at energy band center. As a consequence, the retarding potential sweep to 50 V provides a differential response to O + distributions extending to energies larger than 10-20 eV. In addition, the integral flux is weighted by an energy dependent solid angle aperture, though this effect is appreciable only for superthermal tails having characteristic energies of tens of eV and higher. RIMS is self-calibrating in flight through comparison of the electrometer and mass spectrometer response. Variations in channeltron gain due to high count rate fatigue may be monitored and compensated. Early in the DE-1 mission, prior to any channeltron detector degradation, the effective geometry factors for rammed thermal ions are as follows: H + (low-mass channel) 2.7 x 10-3 cm2 sr, He + (low-mass channel) 2.7 x 10-3 cm2 sr, He + (high-mass channel) 4.3 x 10-3 cm2 sr, and O + (high-mass channel) 1.9 x 10-3 cm2 sr. Consequently, except where detector degradation is noted, the corresponding ratios of integral flux (cm-2 s-1 sr-1) to count rate (per sample) are 3.1 x 104 , 3.1 x 104, 1.9 x 104 , and 4.4 x 104 , respectively. The plasma is basically cold rammed until 0844 UT, when, without a large discontinuity in flux magnitudes, there is an extremely abrupt change in the angular distributions. What had been a single angular peak near the ram direction becomes two separate peaks with minima near the magnetic field aligned directions. This immediately suggests transverse acceleration. Moreover, the subsequent evolution of the angular distribution peaks of each species toward the upgoing magnetic field direction suggests that the spacecraft is flying over a transverse acceleration region relative to which it is ascending. However, note that the rate of "folding" of these evolving conical distributions decreases with increasing mass per unit charge. This suggests that the simple picture of parallel acceleration by the magnetic mirror force is complicated for these ions by gravitational effects. Another noteworthy feature of this event is its broad extent, beginning at an L value of 13 and extending down to L=7.3, where data collection for this pass ended. The type of transverse acceleration apparent in this event is extreme in that essentially all of the thermal ions participate in the transverse acceleration, leaving no cold rammed plasma at all. The signature expected for local transverse heating yielding T 1 > TI[, i.e., a bi-Maxwellian plasma, is a broadening of the spin distribution toward both directions perpendicular to the magnetic field, while maintaining a single peak at zero velocity (in the antiram direction in the spacecraft frame). The observed splitting of the cold rammed distributions into two distinct lobes could be produced in one of two ways: (1) transverse acceleration which is so effective that few zero speed ions remain, i.e., the distribution becomes toroidal; or ( Comparison of high and low altitude superthermal ion signatures suggests that quite different processes are at work on the dayside and nightside auroral zones. On the dayside, a spatially confined source region combined with tailward convection over the polar cap leads to an inherently two-dimensional flow that disperses the ionospheric outflow in parallel velocity. The source distribution of parallel energies implied by the dispersion is very broad, extending from a few eV to greater than 50 eV (the >50 eV H + ions appear very close to the source region, while very low energy O + ions are convected well into the polar cap). The field aligned outflow seen at high altitude can have the appearance of a beam, but this appears to be due to the parallel velocity dispersion rather than to preferential acceleration to a particular parallel speed or energy. We interpret the energy distribution of this polar cap flow as the result of transverse acceleration followed by adiabatic "folding" of the resulting conics in the diverging magnetic field, with lateral convection. It is very interesting to note that the clear mass dispersion observed implies an energization mechanism which imparts similar energy distributions, rather than similar velocity distributions, to each species. This suggests an electrostatic mechanism, but a simple parallel potential drop is incon- 
